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ABSTRACT
Previous studies have linked motivation to read with
high comprehension while other studies have connected use

of digital technologies, such as those used in this study,

with increased motivation and higher learning outcomes.

This study hypothesizes that by using technology to spark
an interest in science curriculum and providing subsequent
reading material related to that curriculum, educators

will notice an improvement in their students' reading
comprehension skills. To test the hypothesis, two classes

from a high school in the Phoenix school district of

comparable reading comprehension abilities were given two
inquiry-based lesson plans to execute. One class, the
experimental group, was given digital technology to use
and the other class, the control group, was not. Both

classes literal level of reading comprehension were
measured through use of a brief reading passage followed

by a short multiple choice question test before and after
execution of both lesson plans. The results of the study
showed a small but significant increase in mean score from
the pre-test to the post-test for the experimental group,

while the control group showed no improvement from pre to

post-test leading this study to conclude that use of

technology to teach science curriculum can help improve
reading comprehension.
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CHAPTER ONE
INTRODUCTION

Benefits of Science Literacy
To fully understand the benefits of scientific
research, society must be science literate. Headlines in

the newspapers include scientific issues such as global

warming, cloning, fossils in meteorites, or experiments in
genetics (Gaffney, 2005). How is the average reader

supposed to understand the impact on society these issues

have without a background in science? The answer may hinge
on society's ability to become more science literate.

Science literacy helps people understand concepts ranging
from the harmful effects of smoking, to the use of

antibiotics to cure disease and the use of satellites for

global communications. By having a scientific
understanding of the world, we have some power to predict
and control our environment (Bybee, 2002). One might say

that a scientifically literate person possesses facts and

vocabulary sufficient to understand the context of the

news of the day. It could be said that scientific literacy
is a mix of concepts, history, and philosophy that help an

individual understand the scientific issues of our time

(Hazen, 2002). Still, others may insist on the learning of
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rigorous mathematical operations and the memorization of

complex facts as a way to achieve scientific literacy. The

world has changed in such a way that science literacy has
become necessary for everyone, not just a privileged few;

science education will have to change to make that
possible (AAAS, 1990 as cited in Gaffney, 2005) .

Acquiring an understanding of science goes beyond the
simple memorization of facts or the ability to follow a
"recipe" in order to repeat experimental results. For
example, the National Science Education Standards point
out the relevance of studying the effect of Lake Erie's

pollution on the city of Cleveland. They point out that
when a resident of Cleveland learns about the water cycle
and waste management as it relates to1 Lake Erie, they will

be more likely to address everyday issues such as waste

disposal in a meaning way (Gaffney, 2005). The task of
teachers today is to present science to students in a way
that will be meaningful to them in the hopes that the

students will become motivated to read more about science
and thus become scientifically literate.

Providing Inspiration for Science Education

One way that I have tried to make learning about
science more meaningful to students while motivating them
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to read about science is through the use of Popular

Science magazine. At the beginning of each issue is a
section called "What's New". In this section, the latest
technology is introduced. Some of the technology may be
available on the market currently, other technology is not
immediately available, but a release date is provided. The

section is broken up into a series of small articles with
each article discussing a different "gadget" which makes
use of some new or modern technology. Each week, my

students were required to write a paragraph on the

invention in the "What's New" section they felt was most
interesting or that they would find most useful to either

them or society. Providing students with the opportunity

to read about intriguing uses for science and technology
allows them to develop an interest in exploring the
scientific world. Gadgets include household appliances

such as robotic vacuum cleaners that vacuum a room without
being turned on or turned off; in the lawn and garden

department, lawnmowers that cut grass with no human effort
other than simple programming undertake all the grass

cutting chores. Articles about toys, such as hot wheels

cars which digitally displays the car's average speed on
an LCD panel located on the bottom of the car, or love
beepers which beep when two people who have programmed
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their beeper with common interests come within a 10 foot

distance of each other, are student favorites and provide
high interest and motivation for young science readers.

Students were motivated to read about science after I
had introduced them to Popular Science magazine. In fact,

they could not wait for the new issue to arrive every

month. Reading about science had motivated them to ask
questions and find answers to their questions. In the case
of the love beepers, students did not just question

whether or not the beepers worked (of course we bought

them and tested them!), but if the technology was
practical., and how they worked. The students were able to
see the technology in connection with their own lives;

they posed questions such as, "Wouldn't a lot of people
need to buy love beepers in order to make them useful in

meeting lots of other people?" and "What if you wanted to

meet all people that had things in common with you and not

just members of the opposite sex?" (The love beepers were
designed only to trigger when members of the opposite sex

with common interests were within close proximity.) The

questions they posed in their paragraphs and the solutions
to the shortcomings they recognized demonstrated some of
the best writing my students had done all year long. Their

writing demonstrated that they were thinking at the
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highest levels of the cognitive process dimension:
analyzing and evaluating. This suggested to me that they
had really understood what they had read and this

comprehension was likely due to high motivation to read.

It was at this point that I realized students could be
motivated to read about science.

When students read about the hot wheels cars with

speed data technology, they were most interested in
finding out more about the cars. The biggest question

posed was "Do they really work?" When students ask good
questions, and become motivated to find the answers to

those questions, they begin to understand how scientists

generate both questions and answers. So when student
curiosity surrounded the hot wheels car technology, I
asked students how they thought they could go about

testing the technology in question. They devised a plan
that would make use of the speed formula to measure the

car's average speed and then compare their data with the
data provided by the car's LCD panel. I provided the

students with the car (purchased at Wai-Mart for about ten

dollars), and they executed their experiment which
involved measuring a section of track and timing the car

as it raced through that section. When plugging their data

into the speed formula, discrepancies arose between their
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data and the data from the car's LCD panel. This caused

students to ask'more questions, including whether or not
the speed formula was correct. Through use of a speed gun

(another idea concocted by the students), the speed

formula was confirmed correct so students concluded that
the hot wheels car was not accurately displaying the speed

of the car. This inspired students to write e-mail letters
to the company inquiring as to why the car did not display

accurate information. The students were not only motivated
to write about an experiment they performed in science,
but were most anxious to read the response to their

science experiment.

Motivation for Science Education:
Use of Technology
Allowing students to pursue their own questions in

science class is a way to foster student interest in
subject matter and serve as inspiration for students to
seek information. A recent study surveyed students'
attitudes toward technology after the students completed a

unit in science using computer probeware technology (as

described at the end of this chapter). One student wrote,
"With the use of probeware technology used in this class,
I see other avenues to explore; the greater picture, a
means to an end...". Another student remarked, "My
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experience with the use of technology in the science

classroom was intriguing. Handheld computers are user

friendly and can enhance any classroom". Once a student
begins to realize that "there are other avenues to
explore" and that reading can help provide answers to

their questions about the world and provide a path to

explore their interests, their motivation to read may
increase and their level of comprehension can improve

(Gado & Ferguson, 2006, p. 517). With this inquiry style

of learning in mind, I developed lesson plans that
incorporated the use of reading materials with topics

focused on science and technology such as those found in
Popular Science magazine. These lessons were designed to
have students ask their own questions, engage in

activities that helped provide answers to those questions,

become involved in student lead discussions and read
material which would not only provide answers to their

question, but further promote their interests in the
topic. At the time of the Hot Wheels car experiment, I was
not teaching a unit on motion and forces, but took the

opportunity to begin the unit immediately after the speed
experiments on the hot wheels car were concluded due to
high student interest in measuring the speed of moving
obj ects.
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The demonstration of student motivation in the hot
wheels and love beepers examples show that science and use
of technology can be used to engage students' interests.
Curiosity is indigenous in the minds of young students and

science, if presented in a way that students can relate to

their own life experiences, science can be used to ignite

this curiosity and thus heighten motivation to read about
science while improving reading comprehension. Teaching
science through use of technology may be the best way to

entice students' appetites for scientific knowledge and
the motivation to acquire that knowledge from a variety of

media that includes text material. In a recent research

project (Metcalf & Tinker, 2004), teachers reported that
when computer technology was used in their classroom they

observed that their students developed a deeper

understanding of the content areas and developed skills in
patience and problem solving, expressing their

understanding in writing, working in groups and asking
questions and figuring out how to answer them. Teachers

also reported that students were excited about their lab

results making comments about the graphs they generated

like, "...look, here's where I started to go faster," and
"you gotta start slow so that it shows on the graph when

you go fast" (p. 47). Motivating students to read may be
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accomplished, by sparking their interests and science has

many avenues of interest for students to explore. The love
beepers and hot wheels car lessons were lessons in science
designed in the spirit of learning through inquiry in
which technology was a catalyst for student involvement.
The more that students are involved with learning, the

more they are likely to develop strong desires to satisfy

their curiosities; it is here that reading can be
introduced as a way to answer question of high student
interest. It is here that science, technology, curiosity,

motivation to learn, motivation to read and higher reading
comprehension can all merge.

Using Probeware Technology for
Student Motivation
I think that the use of probeware may have the same
positive impact on student motivation for learning that
the hot wheels car and love beepers had on my students.
Probeware refers to probes, interfaces and software for

real-time data collection, display and analysis by a

computer. By connecting probes to a computer, students can
observe data that is displayed in a variety of formats.
Temperature probes, heart monitor probes, light reflection
probes, force probes and, like the technology that enticed

my students with the hot wheels car, motion probes are
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some examples of the probeware that students can use in
science classrooms. I think the use of probes can motivate

students to want to explore natural phenomenon more in
depth while increasing learning and speeding up the rate

at which students learn.
I have seen students anxious to be involved with
experiments that involve technology that displays data;
the hot wheels cars serve as a fine example of this. But

how can technology increase the speed at which students

learn? Students doing experiments in velocity often have

to take time to measure distances, use a stop watch to

time runs, then use graph paper to construct and record
results in the form of a graph. At this point students
begin to lose not only interest in what the original

lesson was supposed to teach, but also lose interest in
the activity. This loss of interest equates into low

performance of tasks and decreased understanding of
concepts. Recent research identified this problem.
Carrying out quantitative studies of physical phenomena

can, at times, be time-consuming and can likely obscure
the aims of such investigations (Millar, 2005). However,

because data can now be acquired almost at the touch of a

button, students can select the range or type of data to

be plotted, quickly repeat or modify experiments, and can
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even compare current data sets with those obtained during

a previous lesson, something which is thought to be
critical to the success of such instruction (Brassell,

1987a, 1987b). Use of probes connected to a computer to
conduct experiments in velocity saves the students the

time of tediously making measurements, drawing graphs, and
fumbling with a stop watch (for times that may or may not
be precise depending on the skill of the student using the
time piece) none of which really have anything to do with
the concept of velocity. Using a motion detector will

display the velocity of a moving object without have to
use meter sticks for measurement or stop watches for

timing. Rather, students can receive the velocity data
instantly, and have the computer generate graphs for

immediate student analysis.
I think the use of technology in science classrooms
will motivate students to learn and will increase not only

what they learn but also the rate at which they learn.

Computer-based data acquisition systems contribute to the
establishment of supporting student learning by placing an

emphasis on student-centered inquiry and collaboration.
The systems provide opportunities for inquiry-based

teaching and learning, thus increasing student motivation
and engagement, improving students' understanding of key
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scientific concepts, and encouraging the development of
investigative and research skills (Millar, 2005) . I also

believe that motivation to learn can lead to motivation to
read, and when students are excited about reading, they
will display a higher level of comprehension for the

material that they read.

The Study
I intend to use probeware to increase student
interest in an area of science, then present them with

related reading material and measure the level of reading
comprehension they display. I think that technology can
not only be used to increase student interest in science

topics, but also student interest to read more about the

topics and thus increase their understanding of text
material. Probeware refers to educational hardware and
software used for real-time data acquisition, display and
analysis with a computer or hand held device. Probeware is

also known as microcomputer-based labs or MBL. By

connecting probes to either a handheld device (also

referred to as a "datalogger") or a computer running
compatible software, students can observe data displayed

in a variety of formats (i.e. digital displays, graphs,
data tables) as it is being observed. When used in an
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inquiry-based learning context, this capacity can
significantly increase and speed learning (Concord

Consortium, 2005).
Study Limitations
Several factors will limit this study. First will be
the cost of acquiring the probeware. Though handheld
computers have come down in cost, they have yet to reach
the low cost of graphing calculators (Metcalf and Tinker,

2004). Recent research suggests that a 1:1 student to
computer ratio is needed to make computing in schools
effective (Norris & Solloway, 2005). Another recent study
showed that students who did not directly hold and

manipulate the probeware sensors were less engaged in the
activity and learned less (Metcalf & Tinker, 2004).

Therefore, providing a datalogger for each student in the

experimental group will not be cost-feasible. Other

limitations using probeware could include timely delivery
of materials (i.e. probes, handheld datalogger), software

problems such as computer compatibility in downloading and
viewing data and damage and repair to equipment.

The number of subjects and the time allotted for the
collection of data will also limit this study. The sample

size of students will be limited to 33 students. The
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experimental group will consist of 15 students all of whom
will need to be trained in use of the probeware. Time will

be limited to two weeks for data collection. Though

significant results are expected from this study, more

substantial results would be expected if the sample size
of students was larger and a longer period of time for

data collection was possible.
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CHAPTER TWO

REVIEW OF THE LITERATURE

Can the use of technology in science curriculum
taught in classrooms be used to help improve reading

comprehension? As a science teacher, this question is

important to me for two reasons. First, I believe every

educator is obligated to empower his or her students with
knowledge. Reading is one of the most useful tools in

gathering information and acquiring knowledge. Since much

of the information available today can be acquired from
the reading of newspapers, books, magazine articles and

articles posted on the Internet, educators should try to

develop lesson plans designed to help encourage and
motivate students to read while including strategies to

help improve reading comprehension. Second, as a teacher,

I find it difficult to base lesson plans on written

assignments that I have sent home which involve reading.
Often, students are not motivated to read the assignment
due to either lack of interest, or inability to understand

the assigned reading material. In either case, the

students are incapable of completing any class assignments

based on the reading homework and the lesson plan for the
day is a failure.
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It is for these two reasons that I feel literacy

skills should the priority for all teachers as a part of
their daily lesson plans regardless of the subject they

teach. Though there are no universal definitions for
literacy, one might define it as the ability to use

language to read, write, listen and speak. If reading is
one aspect of literacy, then strong literacy skills should

lead to high levels of reading comprehension.

I believe there is a link between reading motivation
and comprehension; so the problem becomes how to motivate

students to read. I think curiosity about science and

technology can lead to motivation for reading and learning
more about both. Science and use of technology lends

itself well to human curiosity. In 1969, most of the world
watched as the United States landed a man on the moon.

People travel from all over the world to witness a solar
eclipse. Crowds of people gather to catch a glimpse of a

space shuttle launch. Movies with a science overtone such

as "Star Wars" or "Jurassic Park" not only attract record
attendance, but also spark the imagination and curiosity

of all that go to see them. Like most people all over the

world, students have some interest and show curiosity in

some area of science. A good teacher will find areas of
student interest for all students.
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The Role of Reading in Science

Throughout the course of history, much has been
learned through reading, and most teachers who realize

this should feel an obligation to help their students
acquire the skills necessary to become effective .readers.

Research has linked success in both school and life to

students who read well (Belk, 1999). With a wealth of
information available through written text, the ability to

access that information is important to all members of
society. If one considers what they have read within the

last twenty-four hours, they would probably realize that
most of the reading was from informational texts (Harris &

Storr, 2005). Students, especially those in higher-grade
levels will also spend the majority of their time reading

informational texts. These students are expected to have
the ability to comprehend more complex and

content-oriented subjects. Many students fall behind in
these subjects due to the fact that they must read the
information presented to them and they lack the reading
skills necessary to understand the material (Hlawaty,

2002). As an educator, I feel that reading is the most

important skill I can assist my students in acquiring; not
only to succeed in my class as well as other classes, but
also to have a better chance of success in life.
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The entire planet faces many crises. Most people are
aware of at least some of these crises that include the
threat of toxic wastes, overpopulation, depletion of water

supplies and global warming. Though many people are aware

of the problems that scientists continuously warn about,
most people lack the understanding to do anything about

them (Collard, 2003). How can we expect voters to make
educated decisions about ecological issues if they lack

the in-dept knowledge about scientific issues? If

politicians who represent the interest of companies that

seek to deplete natural resources such as the planet's
rain forests, how can the average voter make an informed

decision at election time if they don't understand the
relationship between trees and global warming? If the

average voter were better educated in the area of science,
then the power of the people could be used to save the

planet.
Often people do not realize the benefits of

scientific research and technology. I was recently asked
"why should our country spend money on space

exploration?'. The controversy surrounding cloning has
peaked within recent years. The life-enhancing potential
of science and technology cannot be realized unless

everyone understands the nature of these subjects (Nelson,
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1999). If people realized that cloning could someday make
having to wait for a kidney donor an unnecessary threat to

otherwise terminal kidney patients, or that space
exploration may someday help save the planet from
destruction due to extraterrestrial threats such as
asteroid or comet impact, then support for such efforts

would be easier to lobby. With a merger of society and the

scientific community, optimism for a better life and
realization of a better world could be the final products.
The world is becoming more scientific and technological
and people in society need to use science and technology

wisely. This ability depends on the education we receive
and provide for our students (Nelson, 1999).

Teaching students to read about science would seem

like a logical approach to solving the problem of science
illiteracy while empowering them as future adults to help

solve some of the problems the planet faces today and in
the future. Most of the information that one can obtain

about science comes from the written word; be it in books,

newspapers, magazines or the Internet. Since reading
comprehension skills promote achievement in science (Belk

& Seed, 2005), then science teachers should put more

effort into using the science curriculum to help improve
their students' reading comprehension abilities. Hlawaty
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(2002) points out that by allowing students to fall behind
in reading science, we also allow them to fall behind in
science But most teachers make the assumption that

teaching students to read is solely the responsibility of

English teachers. Reading in a science classroom requires
students to have a good understanding of new and complex

terms (Harris & Storr, 2005) . Science teachers could use
issues such as global warming or cloning to introduce

topics in science that not only spark an interest in
science but also help to educate students in the role that
science plays in society and the importance of

understanding that role. In this way, science teachers are
not only promoting literacy in reading, but also literacy

in science.

Much of the cause of high school attrition is the
inability of the students to master required reading

material and their consequent frustration in those
subj ects (Hlawaty, 2002) . Harris and Storr also point out

that the inability to read well impairs the students'
ability to understand scientific principles. A science

classroom with effective readers has many benefits;
including higher achievement and less behavioral issues

(2005). Therefore it is important that science teachers
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realize the importance of their role in teaching students
to read.

There is a direct link between science skills and

reading skills (Carter & Simpson 1978). Science process
skills and reading skills also share similarities

(Padilla, Muth, & Padilla, 1991). For example, students in

science investigate a problem and collect data while
students reading ask questions and take notes. When
students read, they think inductively and deductively,

arrange information logically, critically analyze
information and identify main ideas. In science, students
also think inductively and deductively as they draw

conclusions from their experiments (Martin, Sexton, &
Gerlovich, 2001). For these reasons a strong relationship

exists between reading and science. Therefore, one can
conclude that effective reading and comprehension skills

impact achievement in science (Belk & Seed, 2005).
Use of the science curriculum to improve reading
comprehension is not a far stretch if one considers the

power of science to spark interest and curiosity. Ways to
use science curriculum to spark student interest can be

found through use of interesting reading materials. Using

a literature-based science curriculum promote inquiry in

everyday science. Trade books have been successfully used
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to introduce and expand on scientific principles or ideas

that provide opportunities for students to explore science

in a way that has personal meaning to them (Fredericks,
2003). I have found that when students read science
magazine articles about everyday issues, products or

technologies that have an effect on their lives, their

interests soar due to the fact that the reading material
is of interest in some aspect of their lives. Even some

textbooks are being written in a manner that helps promote
interest. Today's informational books have changed from
the days of dry encyclopedia-type reading (Thomason &

York, 2002). Many of today's textbook writers are using
the same writing styles as those used in fictional texts.

These writers are making information easier to understand
by using a more reader-friendly technique in presenting

science information (Collard, 2003). Presenting students

with reading material that interests them will motivate
them to read more and reading motivation directly

correlates with the amount students' read (Wigfield &
Guthrie, 1997). Raising students' reading comprehension

skills and increasing their desire to read more may be as
simple as finding reading material that interests them.
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The Role of Technology in Science Literacy
Bittel and Hughes (2005) observed that when students

explore a particular phenomenon in science, they become
increasingly curious and are eager for explanations. When

reading is introduced after a scientific concept has been
explored, the students are more interested in the reading
(Bittel & Hughes, 2005). When my students explored the
different t;ypes of organisms found in bodies of water in
which they swim, they become more interested in the
organisms that share their swimming hole. After

microscopic inspection of the water, I have found students

more motivated to read material that satisfies their
curiosities .

Use of technology such as a microscope is a hands-on
activity which Guthrie and Wigfield (2006) refer to as a
stimulating task. Stimulating tasks in science class may

serve the function to increase situational interest; one
task that teachers use frequently is the hands-on activity
(Zahoric, 1996). Once situational interest has been

elicited, the next step is to have students connect
directly to the situational interest and conceptual theme.

An approach to that outcome is for students to read
related texts (Guthrie, Wigfield, & Humenick, 2006).
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Conte and Weber (1999) ask the question "Is

technology the best hope for teaching students about
science?" Reports have shown that it is essential that all

students improve their literacy in technology (SCANS,
1991, as cited in Conte & Weber, 1999). Conte and Weber's

question may be a difficult question to answer but I

believe that technology may be one of the best hopes for

motivating students to learn about science, and thus

making it essential that all students improve their
literacy in technology. It is up to schools to consider

how technology can be used to strengthen student success
in the classroom (Tatar & Robinson, 2003). One problem

schools have in using technology is making sure that all
students have access to technology. Research has found
that technology is not equally distributed among schools

(Atwater, 2000, as cited in Tater & Robinson, 2003). If

technology can open the door to higher motivation and
subsequent higher achievement, then schools need to figure
out ways to overcome any problems they encounter in making

technology available to students. Any application of
technology that may increase student motivation or
increase retention needs to be considered as a possible
learning tool to help every student (Tatar & Robinson,
2003).
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The Role of Technology in Motivation: Science
Much of the research to date shows a link between use
of technology in a classroom to higher student motivation

and success. Hadley and Shiengold (1993, as cited in

Ruthven et al., 2004) report that teacher surveys agree

that the computer technology helps children learn,
provides a means for expanding and applying what has been
taught, and raises student motivation by helping teachers

make subject matter more interesting and increasing
enthusiasm of students. Means and Olson (1997, as cited in
Ruthven et al., 2004) found that teacher reports indicated
that use of computer technology dramatically enhanced

student motivation that led to increased time on task.

Educators in the United States have seen the main benefits
of using computers in the classroom as being in

strengthening the motivation of students and enhancing
their performance (Ruthven, Hennesey, & Brindley, 2004).

In my experiences as a teacher I have found the use
of technology motivating to students with the result being
higher quality work. I have found reports done with higher
than usual quality when use of the Internet and word
processor programs were used. Students spent more time

researching topics and paid closer attention to the
written product. When using a microscope with computer
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software that allows the image on the slide to be

projected on an overhead screen, higher interest led to
better drawings. Similarly, use of digital cameras

together with computer technology is a great way to
motivate students (O' Donovan, 1996, as cited in Tatar &

Robinson, 2003). In a recent research project Tatar and
Robinson (2003) attempted to answer the question, of

whether or not use of digital technology would increase

student performance and motivation. They noticed an
obvious increase in student motivation as well as fewer
mistakes in lab procedures as compared to students who

performed the same lab activities without use of the

digital technology. Regardless of whether it is the use of
word processing programs, projection microscopes or other

digital technology, there is a direct link between use of
technology and student motivation and achievement.
Students who learn science by inquiry methods have the
opportunity to develop and build a range of investigative
and thinking skills such as posing research questions,

analyzing and communicating (Edelson, Gordin, & Pea, 1999,

as cited in Millar, 2005). Perhaps most striking are the
contributions that technologies can make to the success
and effectiveness of inquiry-based learning; among the

contributions identified are enhanced interest and
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motivation (Blumenfield et al., 1991; Owens, Hester, &

Teale 2002, as cited in Millar, 2005) Furthermore, using

technology to enhance student learning and motivation

demands attention (Tatar & Robinson, 2003). One exciting
technology with new applications that is attracting much

attention is probeware (see chapter 1 for working
definition).
The Role of Probeware to Impact Motivation
in Science and Therefore Reading
Technology is needed in elementary and middle school

science not just to give students exposure to technology
or to satisfy parents; technology greatly improves

learning and supports science education standards that are
difficult to teach without using the technology (Metcalf &
Tinker, 2004). A substantial body of research (Adams &

Shrum, 1990; Krajcik & Layman, 1992; Laws, 1997, Linn et
al., 1987, as cited in Metcalf & Tinker, 2004) shows that
using probeware can facilitate student learning of complex

relationships. Another advantage of using probeware is

that most students enjoy working with computers and come
to class with at least a basic knowledge about computers.

Probeware allows students to quickly gather data and
examine graphical and numerical representations of the
results (Hisim, 2005). Research done by Gado, Ferguson,
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and Van't Hooft (2006), showed that handheld-based

activities encouraged students to take responsibility for
gathering and using data and learning from each other. The

research also showed that use of the handheld unit

(datalogger) increased student engagement for data
collection. When students saw their data displayed
immediately, they analyzed each contour of the graph and

became more interested in the outcome as well as the

process (Gado et al., 2006). One student participating in
the research reported that seeing the information appear

on the screen was "very exciting". The use of
well-designed software tools helps students to learn to

deepen their engagement with information, particularly in
the area of analysis and scientific inquiry (Roschelle et

al., 2000)
The Technology Enhanced Elementary Middle and
Secondary Science (TEEMSS) project was designed to test
the feasibility and educational value of introducing

probeware and associated instructional materials into
middle school science, mathematical, engineering and
technology (SMET) teaching (Metcalf & Tinker, 2004) . The

project produced 15 inquiry-based instructional science
units for teaching in grades 3-8. Each unit uses computers
and probeware to support students' investigations of
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real-world phenomena using probes (Zucker, Tinker, Staudt,
Mansfield, & Metcalf, 2008). The project not only measured

student learning outcomes but also student and teacher
attitudes toward use of probeware technology. Research

indicates that computers and other digital technologies
are an essential part of modern science, but are not

widely used in elementary and middle schools (Zucker et

al., 2008). For example, in 2000, fewer than one-third of

science teachers in grades 5-8 reported ever collecting
data using sensors or probes (Hudson et. al., 2002). One

possible reason for this is cost. A 1:1 student to

computer ratio is needed to make computing in schools
truly personal and effective. For many school districts
attaining this ratio is a financial impossibility (Norris

& Soloway, 2005). The TEEMSS project response to the high

cost was to incorporate handheld computers or dataloggers.
Handheld dataloggers have yet to reach the low cost of

graphing calculators but will in a few years (Metcalf &
Tinker, 2004). Handheld computers (dataloggers) which cost
a fraction of the price of desktop and laptop computers
can provide schools with a more realistic alternative for

technology integration (Hennessy, 1997; Robertson et al.,
1996; Sharpies, 2000). The introduction of dataloggers in

a learning environment does not lead to the replacement of
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existing equipment, but compliments that technology and

amplifies its importance (Norris & Solloway, 2004).
The TEEMSS project also found that incorporating
dattaloggers presented some technical problems. Problems

included delays in delivery of materials, software fixes
and updates, probe breakage and repair and difficulties in

beaming, downloading and viewing saved data (Metcalf &
Tinker, 2004). However, once those problems were solved

teachers agreed that using the technology was both easy
and useful for teaching science. When student attitudes

toward use of dataloggers was surveyed by TEEMSS

researchers, the survey showed that students strongly
agreed with the use of sensors and computers and reported

that seeing a graph produced in real-time was both fun and
exciting and use of probes and dataloggers was more
interesting than their usual science class activities
(Zucker et al., 2008).

The results of the TEEMSS project showed that
students' engagement and learning increased when they were

personally able to read the instructions, do the activity,
and view the graph. In those classrooms where students

worked in larger groups, the students who were not
personally holding the "Palm" (datalogger) were less
engaged in the activity. In particular, students who
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watched the Palm but did not manipulate the probe, or vice
versa, learned less than students who were able to both
watch the Palm and manipulate the probe at the same time

(Metcalf & Tinker, 2004).

In considering the educational value of probeware,
the data from the TEEMSS project student pre/posttests

showed significant improvement, up to 19% higher scores on
posttests. The greatest improvements were seen when
students were able to spend extended periods of time using
the probeware. Smaller improvements were seen when the
probeware use was rushed (Metcalf & Tinker, 2004).

The TEEMSS project found that for certain curriculum
units use of probeware results in larger learning gains

than instruction on the same topics without probeware
(Zucker et al., 2008). Many prior studies have reported

positive impacts of using digital technology for teaching

science, including a recent study reporting the value of
using computer-based visualizations to teach science to

middle school and high school students (Linn et al.,
2006). The project failed to answer the question, "Why did
students using probeware score higher on some units but
not on others?" One likely explanation is that students

benefit from the use of sensors and probeware when they
study particular topics and particular concepts more than
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others (Zucker et al., 2008). For example, students using
probeware developed a better understanding of graphs than

those who did not use probeware., a result consistent with
prior research (Beichner, 1990; Brassel, 1987; Mokros &

Tinker, 1987; Nicolaou et al., 2007). Graphs typically

play a more important role in learning some science
concepts than others (Zucker et al., 2008).
It would be good to show learning gains in additional

science topics due to technology enhanced instructional

units. Further research is also needed to see whether
instruction in elementary and middle schools enhanced with

computers and probeware can be tied to learning gains on
standardized tests, such as those that will soon be

required in science under provisions of the No Child Left

Behind Act of 2001 (Zucker et al., 2008).
Research has shown that one way to improve student
achievement is to find ways to motivate students.

Motivating students to read contributes directly to an

improvement in reading comprehension (Wang and Guthrie,
2004). Other studies have confirmed this link. Motivation
for reading contributes a great deal to both reading

achievement and also overall success in school (Guthrie,
Wigfield, & Humenick, 2006). Other research has shown that

motivation for reading can predict achievement on both
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standardized tests (Gouttfried, 1985) and school grades
(Sweet & Guthrie 1998). Although the importance of school

grades is well understood as a bridge to further academic
success the importance of success on standardized tests

may sometimes be under-emphasized. Therefore, through a
series of direct and indirect cause and effect

relationships it can be inferred that students' reading
levels and their overall academic success can be improved

with the use of probeware in classrooms. Using probeware
in science classrooms will generate more interest in

students. Students, once motivated, will choose to read
and strive to understand more thus improving their reading

comprehension skills. These skills are the keys to student

success in the classroom and the tools they need become
social agents of change in the future.
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CHAPTER THREE
METHODOLOGY
School Demographics

In order to test the effectiveness of using probeware
to improve reading comprehension skills, a charter high

school in the Phoenix school district was chosen. Located
on the outskirts of downtown Phoenix, the school had a
population of 174 students ranging from freshmen to
seniors. The student population consisted of 124

Hispanic/Latino students, 27 White students and 20 African
American students. There were only two students in the

school that did not fall under one of these three

categories. There were no ESL students in the school and
the two classes that were picked to participate in the

study reflected these demographics. The experimental group
consisted of 15 students while the control group numbered
18.

Preparation for the Inquiry-Based Lesson Plans

On the first day of data collection, a pre-test was
given to both the experimental and the control group. The

test was preceded by a short paragraph on the movement of
planets. This passage was selected for two reasons: first,
the lesson plans to be taught were based on the physics of
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moving objects, and second, the subject matter of the
passage was beyond what would be considered basic

knowledge. Due to the fact that the passage contained

specific information, a high level of literal
comprehension would be necessary to score high on the

pre-test as the questions were based solely on details
from the passage. Literal comprehension is identified as
the first level of comprehension and at this level

teachers can ask students to find information and ideas
that are explicitly stated in the text (Mohamad, 1999).

Neither test in this study was designed to measure
referential or interpretive comprehension or critical

reading skills, thus, the students were given as much time
as needed to read the short paragraph and complete the
eight-question pre-test. Most students finished the

pre-test in less than 20 minutes. Following the pre-test,

students completed work on the cars they began
constructing the previous week.

On the second day students put the final touches on

their cars; the cars were made from the following
materials: a straw for the body, cardboard for the wheels
and paperclips for wheel axles. The experimental group was
given brief instruction on how to use the probeware. In

this case, the probeware was a handheld computer which
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recorded data in real-time. This unit gives students the

ability to observe changes and relate those changes to
information recorded in real-time; in this case, the unit
was programmed to display a graph and data table showing

time and distance, along with a digital read-out for
velocity as the information was acquired. The 4x6 inch
display screen is in full color and is touch-screen

controlled. The screen can be set up to display a variety
of information (i.e. time, distance, rate of speed etc. )
in a variety of formats (i.e. Graphs, digital displays,

meters etc.). Students had the option of displaying a
variety of formats per screen or assign different screens
for each format. Recorded data can be saved to a computer

and printed. The "datalogger" works in conjunction with a

series of probes and for these lesson plans, the motion

sensor was used (other probes are available for measuring
data in areas ranging from life science to physical
science).

The First Inquiry-Based Lesson Plan
For the first lesson plan, students in the
experimental group were instructed to design 3 screens:
one with a graph of time vs. distance, the second with a

data table showing time vs. distance and a third with a
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digital display of rate of speed in miles per hour. While
the students in the experimental group were being taught

to use the probeware, the control group was given a
refresher course in constructing a data table and a graph
along with instruction on how to calculate miles per hour
from meters per second. Following the brief instruction

given to both groups, both classes were given the lesson
plan to be executed.

The first lesson plan required students to construct
a car, and allow the car to roll down a ramp. The students
were to construct a data table of time versus distance and
then construct a graph from the data table. Finally,

students were required to calculate miles per hour from

meters per second.
Students in the control group were required to
measure the distance (in meters) that the car moved and
use a stopwatch to establish the time in seconds that it

took the car to move the measured distance. Students

worked, in groups of 3. One student was assigned to operate
the stopwatch while another student marked the distance

that the car had moved at 1, 2, 3, and 4 seconds. The
third student was responsible for starting the car at the

top of the ramp and recording the information on paper.

Following the collection of data, students in the control
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group constructed a data table and graph of time and

distance and calculated the top speed of the car in miles
per hour.

The students in the experimental group were also
required to turn in a data table and graph, but their data
table and graph were generated by the datalogger which

eliminated the need for students to measure distances or

record time with a stopwatch. Rather, the students plugged
the motion sensor into the datalogger and placed the

sensor at the top of the ramp. To start collecting data,
the students touched the start icon from the on-screen

menu and the datalogger began recording data until the
student stopped the process by touching the on-screen icon
to stop recording. After a few trials, the students

figured out how to point the motion sensor at the car for
precise measurement. The datalogger generated a data table
and graph as well as the car's top speed in real time.

Proceeding data collection, the students used a portable

storage device to store the data and transfer it to a
computer where they then printed out their data tables,

graphs and digital display of speed.
Following the first lesson plan, students in both the

control and experimental group were given a worksheet
which required them to process the data they collected in

38

order to answer the questions. Students were asked

questions such as: "What distance had the car traveled at
2 seconds?" and "What was the speed of the car in meters
per second at 3 seconds?" Finally the students were asked

to identify the car's top speed in miles per hour.
The Second Inquiry-Based Lesson Plan

For the second lesson plan students were required to
place an action figure on the front of their car. On the
ramp, students marked distances of 75cm, 150cm and 225cm

from the bottom of the ramp towards the top. A book was
placed at the bottom of the ramp to provide an abrupt

stopping point for the car. Students ran three trials: one
from each of the marked distances on the ramp. For each of

the three distances, students measured, in centimeters,
how far the action figure was thrown from the stopping
point (the book at the end of the ramp) in relation to the

distance the car traveled down the ramp and recorded the

speed of the car in meters per second. For example, if a
student released the car from the 75cm line on the ramp,
she might find that the action figure was thrown 3.5cm;

when the car was released from, the 150cm line, she might
find that the action figure was thrown 5cm. Students in

both groups were given two tables to complete. The first
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table was used to record the velocity of the car from each
of the three distances graduated on the ramp and the

second table was used to record the distance the action
figure was thrown from each starting point on the ramp.

Following the collection of data, students were required
to construct a graph of velocity versus distance the

action figure was thrown.
The students in the experimental group were able to
use the probeware to establish the velocity of the car in

meters per second and thus were able to fill out table 1
quickly. The students in the control group were required

to use a stopwatch to time the car from each of the three
release points in order to calculate the speed of the car
and were required to convert the velocity from centimeters
per second to meters per second.

Following the execution of the second lesson plan,

students were given a post-test. The test included a short
paragraph on the physics of roller coasters followed by 8

multiple-choice questions. This passage was selected due
to the fact that it focuses on the effects of forces
generated by the roller coaster on its riders. The second
lesson plan focused on the effects of the motion of the
car on the action figure.

40

Pre-Test versus Post Test: Formats
The pre-test and post-test were similar in both
format and items. Both tests were comprised of 8 multiple
choice questions in the area of physics as it pertains to

motion. Both tests were based on a reading passage given

to the students before each test was administered and were
designed to measure the first level of reading

comprehension; literal comprehension. The reading passages
were similar in length but of different content as the

pre-test was based on motion of the planets and the

post-test was based on how the motion of roller coasters
affects its riders. The most significant similarity
between the two tests was that the questions were based on

inconspicuous facts from within each passage that would
have required a high level of literal comprehension of
each reading passage in order to record a high test score.

These tests were not designed to measure the amount of

learning outcomes from the two lesson plans, but rather to
measure the first level of reading comprehension from the
two passages.

Data Analysis Procedures
The data collected from Phoenix was analyzed in

several ways. First, a mean score for the pre-test for
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both classes was calculated and compared. Then the
standard deviation was calculated for both groups in order

to establish which group stayed more consistent with their

group's mean score. The purpose of these comparisons was
to show that both groups started at comparable reading
comprehension levels.

Processing the data from the post-test also included
calculations for mean score and standard deviation. Bar

graphs were used to visually represent the mean score
differences between the two groups. The two groups of

students who participated in the study were not selected

at random; they were classes with rosters established by
school administrators at the beginning of the school year
and the two groups varied in number. For these reasons,

further calculations from the post-test scores included an
adjusted mean score as well as random probability

calculations in order to establish the probability of the
results from the study being random. Both calculations
were made using an ANCOVA procedure and tables with the
calculations were put in the appendix.

In order to quantify the size of the difference
between the two group's post-test mean score, an effect

size (ES) was calculated using a formula that represents
the standardized mean differences between the two groups,
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while another formula was also used to pool the two

standard deviations for the effect size calculations. The
standard deviations were pooled as the control group was
larger than the experimental group; but not large enough

to assign the control group's standard deviation to the ES
formula, yet large enough that a mean standard deviation
could not be used. The effect size value was then

converted to other values representing the following
interpretations: percentile rank, equivalent change in

rank order for a group of 25, group identification

probability, and a common language effect size (CLES). A
table was used to display each of these values as well as
a table showing all the pre-test and pos-test data. Both

formulas used as well as the conversion chart used for

interpretive conversions was placed in the appendix.

Finally, the following comparisons were made between
the pre-test and post test data. First, the mean score

from the pre-test was compared to the mean score from the
post-test for each group in order to determine if either

group improved their mean score. Then the differences
between the pre-test and post-test scores from each group

were compared in order to determine which group showed a
larger change, be it positive or negative, from the

pre-test to the post-test. Again, bar graphs were used to
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visually represent the changes in mean score for both

groups from pre to post-test.

In addition, t-test calculations were made for the
experimental group's pre-test/post-test mean difference to

determine if any changes in performance were significant.

An alpha level of .05 was used to determine if rejection
of the null hypothesis in favor of the Alternative

hypothesis could be assumed. The calculated t-value as
well as the random probability P-value was displayed on

the table with the pre/post-test data.
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CHAPTER FOUR
RESULTS AND DISCUSSION

Pre-Test Analysis: Control Group
versus Experimental Group

The scores from both groups on the pre-test were
compared in order to establish the fact that both groups

demonstrated equal reading comprehension ability. The
questions on the pre-test were solely based on the reading
passage provided to each group previous to the test,
therefore higher test scores were correlated to higher

comprehension of the reading passage. Table 1 shows that
the mean score for both groups was comparable with a mean

of 6.83 for the control group and 6.46 for the
experimental group. A standard deviation of 1.5 was
calculated for both groups which implied that students in
each group showed a similar spread of scores from their
own group's mean score, and, since that mean score was

comparable for both groups, it was determined that both

groups demonstrated similar reading comprehension
abilities. Individual scores for each student can be found

in appendix A on table Al
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Table 1. Pre-Test/Post-Test Data
Pre-Test
Mean
Score

Group

Pre-Test Post-Test
Mean
Standard
Deviation
Score

Random
Post-Test
Standard Probability
P-value
Deviation

Control

6.83

1.58

6.57

1.28

Experimental

6.46

1.50

7.38

. 723

0.03

Post-Test Analysis : Control Group
versus Experimental Group
Along with pre-test data, Table 1 shows the analysis

of the raw score data from the post-test. Using an ANCOVA
procedure, an adjusted mean score was calculated and

compared. Figure 1 displays the graph of the comparisons

of the adjusted mean score from the post-test. The
experimental group's higher mean score than the control

group on the post-test, along with a standard deviation of
.723, shows that not only did students in the experimental

group score higher on the post-test, but also that the

distribution of scores in the experimental group was
closer to their mean score than students in the control

group who posted a standard deviation of 1.28. Therefore,
data from the post-test showed that the students in the

experimental group displayed a higher mean score, and also
showed more consistency .within the group to that higher

mean score. Individual scores for each student can be
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found in appendix A on table A2. The ANCOVA calculations

for adjusted mean scores can be found in appendix C.

H Control Group
GO Experimental Group

In order to quantify the difference between both
groups on their post-test mean scores, a post-test effect
size was calculated and converted to several other values
for interpretation. The effect size calculation was a

standardized mean difference between the two groups. The

ES was calculated to a value of .72 which indicates that
the score of the average student in the experimental group
was .72 standard deviations above the average student in
the control group.

The first interpretation examined was the percentile

rank. The .72 ES value converted to a percentile rank of
76% which indicated that the average student in the

experimental group scored higher than 76% of the control
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group. This percentage indicates that in a group of 25
students, a student ranked 12th or 13th in the experimental

group, would rise to a rank of 6th in the control group.
This ranking was an interpretation made from the 2nd

conversion from the original .72 ES value. The next
conversion was a probability interpretation which

indicated the chance one would have at guessing which
group a student came from simply based on score. If there
were no difference in the two groups, there would be a 50%

chance one could guess correctly; the data indicates that
one would have a better than 64% chance of guessing which

student came from the control group in this study and
which came from the experimental group. The final
interpretation was made form a conversion to Common

Language Effect Size (CLES) which indicates the

probability of a score picked at random from the
experimental group being higher than a score picked at
random from the control group. The CLES value of .69
indicates that if one random score was pulled from each

group, there would be just under a 70% chance that the

experimental group score would be the higher of the two
randomly picked scores. Table 2 shows all the conversion

values from the standardized mean difference effect size

calculated in this study. Formulas used for these
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calculations as well as the table used for interpretive
conversion values can be found in appendices D and E.

Table 2. Effect Size Calculations
Value
Standardized Mean Difference

.71

Percentile Rank

76%

Equivalent Rank

6th

Group Identification Probability

.64

Common Language Effect Size (CLES)

.69

Learning Gains: Experimental Group
versus Previous Studies
Research has shown that working with probeware
increases student learning (Adams & Shrum; 1990; Krajcik &

Layman, 1992; Laws, 1997, Linn et al., 1987). Students
enjoy working with computers (Hisim, 2005), and adapt

quickly to using probeware. Previous research has also
shown that use of a handheld datalogger increased student

participation in data collection (Gado, Ferguson, & Van't
Hooft, 2006). Software tools such as probeware are

especially effective in assisting students in the areas of
analysis and scientific inquiry. In two previous studies,

Blumenfield and Owens (as cited in Millar, 2005)
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identified elevated motivation and interest as

contributions from technology incorporated within
inquiry-based lesson plans such as those used in this

study. Again the experimental group's post-test

performance was consistent with results from previous

studies that find higher student achievement when working
with probeware.

The experimental data from the post-test‘reported in
this study is consistent with previous studies that report

higher learning outcomes when students work with computer
technologies such as probeware. Bittel and Hughes (2005)

observed that when students were given a reading

assignment based on a recently explored topic in Science,
the students were more interested in the reading. Guthrie
and Wigfield (2006) identified that stimulating tasks in

science classrooms can serve as a function to increase
situational interest. A 1993 report by Hadley and
Shiengold states that teacher surveys agree that

stimulating tasks such as use of computer technology helps

students learn and raises student motivation. The
experimental group from Phoenix was introduced to a

reading assignment immediately after working with computer

technology (in this case the probeware) as a stimulating1
task. Though the control group was also introduced to the
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reading assignment after the lab activity, but they did
not work with the probeware. The post-test results are

consistent with previous research that suggests when
students work with digital technology, they achieve

greater learning outcomes-in this case, a higher reading
comprehension post-test score by the experimental group.

Previous research (Wigfield & Guthrie, 1997) has shown

that providing reading material that interests students
will motivate them to read and raise their comprehension

skills. The probeware was used to engage students in

learning and promote interest in the reading that was
presented to them after the lab activity. Using probeware

in this research made it possible to provide students with

reading material that was interesting to them and
therefore provided more motivation to read within the
experimental group than in the control group.
Probeware Lab Work: Control Group/Experimental
Group versus Previous Studies
The post-lab work from the students in both the

experimental group and control group showed similar trends

to lab work reported in previous studies. ■ Students in the
control group took longer to complete the post-lab work
and had many inaccuracies in their answers. The work of
the students in the experimental group was easier to read
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and interpret, and had far less inaccuracies. For example,

the calculations for top speed were 100% accurate for

students in the experimental group where as some of the
top speed calculations from the students in the control

group were inconsistent with their data. Some of the data

tables and graphs from the control group were neat and
easy to read but some were not. All of the graphs and data

tables from the experimental group were neat and easy to
read therefore making the data easier to interpret.

Previous research would support the higher post-test
scores and superior lab work as higher learning gains

achieved by the experimental group as the result of
working with probeware. Research conducted by Tater and

Robinson (2003) report an obvious increase in student

motivation and fewer mistakes in lab activities when
students work with digital technology (such as probeware)
compared to students who do not work with the technology.
The inquiry-based lesson plans required the students

to produce a data table and graph, either manually or with
probeware, and to process data from the graph; having

probeware technologies provided instantaneous tables and

graphs to the experimental group, an advantage expected to
stimulate in those groups excitement and involvement with

the study. Previous' studies have shown probeware to be
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more effective in certain areas of science inquiry than in

others (Zucker, Tinker et al., 2008). For. example,

research has shown that use of probeware is noticeably
effective in aiding students to develop a better
understanding of information represented on a graph

(Beichner, 1990; Brassel, 1987; Mokros & Tinker, 1987;
Nicolaou et al., 2007). The objective of these lesson

plans was to have students study the relationship between
forces and motion. Students in the control group spent

more time on physically measuring distances and making

speed calculations than observing the effect of forces on
motion. During the second lesson plan, the use of

probeware by the experimental group allowed them to spend
more time observing the relationship between the velocity
of the car and the distance the action figure was thrown;

as soon as the car hit the book, students in the

experimental group knew the speed of the car and could
immediately see a cause and effect relationship between
the velocity of the car and the distance that the action

figure was thrown. The control group had to first
calculate the velocity then examine the cause and effect

relationship. The physics of motion is an area of

scientific inquiry where graphs play an important role in

understanding concepts. The experimental group from
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Phoenix used probeware to generate their graphs in

real-time, allowing more time and attention for examining
cause and effect relationships and, in correlation to

previous studies, scored higher on the post-test than the

control group which did not use the probeware to generate

their graphs.
Pre-Test/Post-Test: Control Group
versus Experimental Group

Table 1 shows the comparison of the processed data
from the pre-test and post-test scores from both the
control and experimental groups. The table shows that the
control group showed a 2% decrease from the pre-test mean
score to the post-test mean score while the experimental

group showed an 11% increase from the pre-test mean score
to the post-test mean score. Random probability

calculations show a p-value of 0.03 so despite the fact

that the two groups were not picked at random, the data
results have less than a 3% chance of being random. Figure

2 shows the pre-test/post-test score gains/losses by both
groups.
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Figure 2. Pre-Test/Post-Test Comparison

The difference in the mean scores between the

pre-test and the post-test were used to calculate a paired
t-test for the experimental group. Based on sample size,
the critical t-value at the .05 alpha level is 2.14 and
the experimental group shows a t-value of 2.10. Along with

a p-value of .05, the t-test data suggests that there is
approximately a 95% chance that the null hypothesis can be
ignored and that the difference in performance form the

pre-test to the post-test by the experimental group was

significant. The control group showed a 2% decrease in
mean score from the pre-test to the post-test. Table 3

shows the t-test calculations.
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Table 3. T-Test Calculations
Value

.867

Mean Difference

14

Degrees of Freedom
t-value

2.10

P-value

.05

Post-Test Data versus Previous Studies:
The Experimental Group
The experimental group's 11% increase from their

pre-test mean score to their post-test mean score echoes
microcosmically the results of previous studies. The

students in this group only worked with the probeware for
a limited time-about six, 54-minute class periods which
incorporated two inquiry based lesson plans. The TEEMSS

project (Zucker et al., 2008) incorporated 15 inquiry
based lesson plans and reported a 19% increase from

pre-test to post-test scores from students who worked with
probeware. Researchers from the project also reported that
the greatest gains were recorded when students worked for

an extended time with the probeware. They noted that when
students were rushed through probeware activities, smaller

improvements were seen on post-test scores. The
experimental group from Phoenix was limited in the amount
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of time that they spent using the probeware (six classes,
two lesson plans) relative to the students from the TEEMSS

project. Therefore, the Phoenix study showed less
improvement on post-test scores than the students in the
TEEMSS study. But as the TEEMSS project noted, fewer gains

should be expected if the time spent using the probeware
was rushed or otherwise limited; therefore, the 11%

improvement from the Phoenix study seems to be consistent
with the results reported from the TEEMSS project.
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CHAPTER FIVE
CONCLUSIONS AND RECOMMENDATIONS

The data obtained in this study shows that the

experimental group and the control group showed comparable

reading comprehension skills based on pre-test mean
scores. However, the experimental group not only had a
higher mean score than the control group on the post-test,
but also showed more improvement from the pre-test to the

post-test. Both groups were given the same activities and
required to produce the same assignments with the only

difference being that the experimental group worked with

probeware. While the control group was required to measure
distances, time their vehicles with stopwatches, and draw

their data tables and graphs, the experimental group used
their dataloggers to complete their lab activities. Based

on the data results from Phoenix, several implications

come to the forefront.
The Post-Test Performance
The higher mean score on the post-test by the

experimental group suggests that they learned more during
the inquiry activities than the control group. During the

activities, the experimental group spent more time
analyzing the data from the datalogger than setting up
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grids for recording information. So, while the control

group was drawing a graph with a pencil, piece of paper
and a ruler, plotting points and connecting the dots-not

the objective of the inquiry-based lesson plans- the

experimental group was observing the datalogger draw the

graph in real-time allowing students to observe changes in
the graph as the velocity of the car changed. This gave

students in the experimental group the opportunity to

relate the real life experience of motion to the shape of
a graph which may have given them a better understanding

of the reading passage given to them as a part of the
post-test. The reading passage was based on the effects of
the motion of roller coasters on its riders and was given

to both groups as the reading assignment on which the
post-test was based. Apparently, the experience of observing motion as it is graphed in real-time was more

valuable than hand-drawing a graph, plotting points and

analyzing the data represented by the graph long after the
event of motion took place. Also, the time the control
group took measuring the distance the car traveled, timing

it and recording the information stole some of the

observed enthusiasm the experimental group still had when
it was time to use their graphs to analyze information.
The higher mean score on the post-test by the experimental
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group would suggest that they had a better understanding

of the analyzed data than the control group.
Implications for Science Teachers
Implications for science teachers who are looking for
ways to provide real-life experiences through hands-on

activities should examine the results from this study.
Most science teachers would agree that an effective way to
teach students science is to relate the subject matter to

events witnessed and experienced by their students. To
science teachers, this study could imply that probeware
may be able to help events such as change in motion become

easier for students to observe and then relate to as

information on a graph. As the events unfold, students

observe changes and the effect that those changes have on
a graph-making the experience real and personal. Science
teachers should consider probeware's ability to bring real

life experiences to inquiry-based lesson plans.
Implications for science teachers looking to improve

the quality of student work should consider that

enthusiasm may not be the only factor that contributed to
the control group's lower post-test score. It should be

noted that the post-lab activity given to both groups was

a worksheet that required them to use the information
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acquired in lab to answer questions. The control group
used a hand-drawn data table based on hand measurements
for distance and time, and a hand-drawn graph based on

that data table. The experimental group was able to print
and use computer generated data tables and graphs to

answer the post-lab questions. The probeware generated

graphs and data tables were neater and more accurate than
the hand-generated graphs and tables and gave the students

in the experimental group a clear advantage when asked to

process the data from the lab.
Implications for science teachers searching for ways

to maintain student focus to the learning objective start
with the fact that the focus of the inquiry-based lesson

plans was to have students gain a deeper understanding of
the physics of motion and not to teach students how to

construct data tables and graphs. So it could be implied
that use of probeware may allow students to focus on the

lesson objective without being distracted by less
important or irrelevant aspects to the lesson objective

tasks. To science teachers, this study shows that tedious

tasks within a lesson plan may detract from the real
learning objective and that probeware may help science
teachers design lesson plans that help their students
maintain focus on the intended learning obj ective while
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eliminating enthusiasm-draining student instructions and
procedures.
Implications for Future Studies

The post-test improvement by the experimental group
in this study may suggest that future studies involving
probeware should be designed to measure a student's

ability to improve on test performance. Probeware studies
designed to measure learning gains may also be designed to
measure test performance on traditional type exams based

on probeware inquiry-based lesson plans. Test items

restricted to concepts learned through probeware use on
unit exams could allow investigators to conclude, that test

scores improve when students acquire knowledge from
inquiry-based lesson plans incorporating probeware.

Future investigations into probeware may also find a

positive and significant correlation between probeware use

and higher standardized test scores. School systems which
require high-school students to pass a standardized test
in science can serve as an excellent testing ground for

probeware's ability to improve test scores on standardized

tests. As this study suggests, learning gains may not be

limited to just the concepts taught within a subject area

in which probeware was used, but can help improve skills
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that include, but not limited to, test taking and reading

comprehension, as students' performance in this study

would suggest.

The Pre-Test to Post-Test Performance Change
Not only did the experimental group have a higher
mean score on the post-test than the control group, but

also showed an increase of 11% from the pre-test mean
score to the post-test mean score while the control group

showed a 2% decrease. Only 2 students from the

experimental group scored lower on the post-test than on
the pre-test versus 8 students in the control group who

scored lower. These numbers could imply that the

experimental group put forth a better effort on the
post-test than the control group. The reason for the
better effort could be attributed to the fact that the
experimental group's use of probeware sparked a greater
interest in motion and physics that was maintained

throughout the inquiry-based unit and into the post-test.

This motivation was probably lost by the control group as
they were tied down throughout the lab activities with

tedious tasks that contributed little or nothing to the
learning objectives. The experimental group's standard
deviation score (.723) was lower than the control groups
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score (1.28) and indicates that more students in the

experimental group scored closer to their mean score

(which was higher than the control group) than the
students in the control group were to their mean score.

This shows a more consistent effort by the experimental
which could be attributed to higher subject matter

interest due to the use of probeware. Having been saved

from "burn out" as probeware eliminated tasks that
detracted from both learning and enthusiasm, the

experimental group seemed to perform with more vigor on
the post-test than the control group.

Implications for Science Teachers
Two students in the experimental group decreased in

score from the pre-test to the post-test and 7 remained
the same which means that less than half of the students

improved their score. The experimental group did outscore
the control group on the post-test, and did improve on
their mean score from the pre-test to the post-test while
the control group's mean score decreased. Since the

experimental group used the probeware, the probeware could
be identified as the catalyst for the experimental group's

improvements. But why didn't the experimental group show
more improvement? Similar studies have shown as much as a
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19% improvement from pre-test to post-test mean scores. By

observing the students in the experimental group as they

executed the probeware-based lesson plans, two conclusions
can be drawn: students need to interact directly with the
datalogger, and students need to be given sufficient time

to work with probeware; teachers that wish to gain the

full impact that probeware can have on student learning,
should consider these two conclusions.
The experimental group consisted of 15 students. The
number of dataloggers available for use in this study was

1. This meant that 5 groups comprised of 3 students each,
all had to use the one datalogger; each group had to wait

their turn. If more dataloggers were available., more

groups with fewer students in each group could have been
created. This would have assured that all students in the

experimental group would have interacted directly with the
datalogger. As it were, not every student in the

experimental group got to interact with the datalogger for

very much time, and some did not interact with it at all.
This may imply that while probeware had a measureable
positive impact on the experimental group, the magnitude
of that effect could have increased if each student in the
class had worked directly with the datalogger for an

extended amount of time. The implications to science
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teachers could be that if they want the full impact that
probeware can provide in their classrooms, they will need

to convince department supervisors to provide funds

sufficient enough to provide a datalogger to student ratio
of 1:2 along with a variety of probes equal in number to
dataloggers .

Implications for Future Studies
Future studies in this area should consider employing

an instrument for measuring motivation and enthusiasm as
it pertains to probeware, and use the instrument before
pre-tests and after post-tests as well as throughout the
study. A student survey could help evaluate how the

students felt about any activities introduced within the

research as well as technologies employed. By evaluating
these types of surveys, investigators can determine if

probeware has the ability to promote enthusiasm throughout
an entire unit, as this study's results would imply.

In order to confirm the implication that the

experimental group seemed to draw motivation from
probeware use, future studies will need to focus on long

range effects of probeware use on student enthusiasm for

learning. Surveys conducted after each of many units over
time along with systematic methods of recording and
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evaluating observations of student probeware use, could
help investigators conclude that the enthusiasm that

students displayed throughout this study was more than

just a "honeymoon" effect and that the excitement for
probeware use in inquiry-based lesson plans is long range
and permanent.

Future studies should also consider the implication
from this study that probeware improved reading

comprehension. If this correlation is to be examined to
its fullest extent, all areas of reading comprehension

should be examined. This study only focused on the primary
level of comprehension-the literal level. Future studies
should consider also measuring the interpretive level of

comprehension, the second level of reading comprehension,
and critical reading skills, the highest of the three

levels of reading comprehension. Investigation showing
improvement in all three areas could help confirm the

implication from this study which suggests a positive
correlation between use of probeware and improved reading

comprehension skills.
Probeware and the Two Inquiry Based Lesson Plans

The students in the experimental group were taught to
use the probeware datalogger in less than 2 class periods.
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The crash course involved teaching the students to

manipulate the on screen icons and positioning the motion

sensor such that readings were realistic. For example, if
the motion sensor was not properly aimed at the moving

object, the readings would indicate outrages velocities.
The students had to practice aiming the motion sensor and

interpreting data that made sense. The students operated
the probeware system with greater ease during the second

lesson plan. They were more familiar with its operation
and were able to perform basic functions of measurement
and screen manipulation in much less time than on the

first lesson plan. The improved probeware skills that the
students displayed during the second lesson plan may

suggest that the more opportunity students are given to
work with probeware, the more they can not only improve
their skills with the technology, but also achieve higher

learning outcomes than students who do not work with
probeware as the post-test scores illustrate.

Implications for Science Teachers
Science teachers should consider this: though the

students in the experimental group were rushed through
probeware orientation, they still learned how to

manipulate the datalogger quickly. For example, by the
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second lesson plan most of the students figured out that

by adjusting the frequency of the motion sensor, they
could eliminate interference and obtain an accurate

reading with fewer trials. This would suggest that
students can learn to use probeware quickly and that
probeware can have an immediate impact on learning

outcomes. In the limited amount of time that the
experimental group had to adapt to probeware operation,
the students not only learned to use the probeware

efficiently, but also showed increased learning gains
compared to students of equal abilities that did not use
the probeware. These facts revealed from this study should

suggest to science teachers that probeware is user
friendly to students and can have an immediate impact on
learning outcomes in their classrooms. In other words, it
does not take months for students and educators to

assimilate to the technology or experience noticeable

learning gains.
Implications for Future Studies
If future studies are to reveal the full impact that

probeware can have on learning gains, the issues of time
and training with probeware from this study should be
addressed. Investigators should be sure to provide enough
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time for students to become as comfortable using probeware

to record information as they are using a pencil and a
piece of paper to record data. However, the fact that

students seem to adapt to probeware use quickly in the two
lesson plans executed in this study, would suggest that

future investigators can plan studies that do not require

excessively long periods of time in order to show positive
results. Competent student use of probeware, which could

produce more measurable learning gains that investigators
can relate to effects of probeware use in the science

classroom, does require training, but does not require

excessive amounts of time.

Beyond the Science1 Curriculum Implications
for All Educators
Based on the difference between mean scores from the
pre to post-test, the students in the experimental group
showed improvement in their reading comprehension score
while the control group did not. One possible implication

is that use of probeware can lead to indirect learning

gains. Though the quality and accuracy of the lab work

completed using probeware was not measured, the classroom

teacher reported that the lab work done by the

experimental group was noticeably superior to the control
group's work. The difference in the quality and accuracy
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of the lab work was a direct result of the students' use
of probeware. But the students did not use the probeware
to improve their reading comprehension, yet the probeware
seems to have had that indirect effect. The implication is

that probeware may not only help students improve their
science skills, but also other skills that relate to other
areas of education such as mathematics, spelling,
communication and reading comprehension .

Implications for Future Studies/Research
Researchers in future studies could look for evidence

of indirect learning gains by examining the classroom

performance in subject areas other than science (where
probeware is not used) of students who worked with
probeware in regiment during science class compared to
students who did not have the possible advantage of

working with probeware. Classroom performance in subject

areas such as mathematics, language arts or many other

subject areas could be examined. Such studies could not
only identify those subject areas that could benefit from
use of probeware in sciences classrooms, but also how much

learning gain, if any, could be expected.

The control group scored lower on the post-test than
the experimental group and showed a decrease in mean score
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from the pre-test to the post-test which could imply that
students, who don't work with digital technologies such as
probeware, will not achieve the same learning outcomes as

students who do work with these technologies and countries

that come to this realization are more apt to make an
effort to provide their students with every possible

learning advantage which may include, but not be limited
to, digital technology such as probeware. This implication

could motivate future research to examine the performance

of countries on international -standardized tests and
determine if higher scores on international tests such as

PISA, correlate to countries where the school systems
incorporate digital technologies such as probeware in
their science classrooms with high regularity. Such

research could help the United States' system of education
remain competitive with the rest of the world.
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APPENDIX A
INDIVIDUAL SCORES FROM THE PRE-TEST

AND POST-TEST
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Table A1

Student Number

1

2

3

4

5

6

7

8

9 10 11 12 13 14 15 16 17 18

Control Group Score

3

7

8

8

8

7

6

7

7

8

7

8

8

3

8

6

6

8

Experimental Group Score

8

7

7

7

6

4

8

4

8

7

7

7

8

4

5

-

-

-

Student Number

1

2

3

4

5

6

7

8

9 10 11 12 13 14 15 16 17 18

Control Group Score

6

6

7

6

5

6

8

7

7

8

8

7

7

4

8

7

4

8

Experimental Group Score

7

7

7

7

8

8

8

6

8

8

6

7

8

8

7

-

-

-

Table A2
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APPENDIX B
RANDOM PROBABILITY VALUES
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ANCOVA SUMMARY

Source

i

SS

• df ; MS :

i

;

!

1 5.34

j 1

I 5.34

!

•

-

adjusted error

| 31

: 30 j 1.03

adjusted total

! 36.34 5 31

adjusted means
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.

F

'

P

’

5.16 ’ 0.030450
i

t

APPENDIX C
ADJUSTED MEAN STATISTICS
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Data Entry:
CV = concomitant variable
DV = dependent variable____________
T
1 I Levels of Independent Variable >
*11

r-• ’ r
'
Sample B
Sample A |
r
DV
CV
DV
I CV
count
I
6
8
1
3
7
7 I
7
7
2
e
7
7
8
3
7
7
8
4
7
8 I
5
8
6
7
8
6
J H
7
8 I
6
8
j 8
4
6
7
7
8
7
7
9 I
8
8
7
8
8
10
6
7
11
7
7
7
7
8
12
8
8
13
8
7
14
8
4
3
15
5
7
8
8
16
6
7
i
17
6
4
j 18
8
8

I

j

j
i

i
6 !
6 !
!

Dependent Variable
|

Sample

I
!

■

8 1
8 |

I

A

"" i
15 !•

B

i | Total |

n
.......... i I
18
; I
t

33

!
!
i
!

Observed Means

I

4 1I
:
I

7.3333

6.6111

6.9394 |

j

Adjusted Means

!i

7.38
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6.57

6.94

I
.I

APPENDIX D

FORMULAS USED TO CALCULATE EFFECT SIZE
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(Ne-1)SDe2 + (Nc-l)SDc2
Ne + Nc-2
Formula used for pooled standard deviation calculations.

Effect Size =

[Mean of experimental group] - [Mean of control group]
Standard Deviation

Formula used to calculate standardized mean difference calculations.
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APPENDIX E
CONVERSION CHART FOR EFFECT SIZE INTERPRETATIONS
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Equivalent
Probability that
Probability that
Percentage of
Rank of person in a
person from
correlation, r
you could
control group control group of 25
guess which (=Difference in experimental group
who would be
who would be
Effect below average
will be higher than
group a person percentage
equivalent to the
Size
‘successful’ in person from control,
was in from
person in
average person in
experimental experimental group knowledge of each of the two if both chosen at
their 'score1. groups, BESD) random (=CLES)
group
0.50
0.50
0.00
13th
50%
0.0
0.1

54%

12th

0.52

0.05

0.53

0.2

58%

11th

0.54

0.10

0.56

0.3

62%

10th

0.56

0.15

0.58

0.4

66%

9th

0.58

0.20

0.61

0.5

69%

8th

0.60

0.24

0.64

0.6

73%

7th

0.62

0.29

0.66

0.7

76%

6th

0.64

0.33

0.69

0.8

79%

6th

0.66

0.37

0.71

0.9

82%

5th

0.67

0.41

0.74

1.0

84%

4th

0.69

0.45

0.76

1.2

88%

0.73

0.51

0.80

1.4

92%

3rd
2nd

0.76

0.57

0.84

1.6

95%

1St

0.79

0.62

0.87

.

1.8
96%
1St
0.82
0.67
0.90
Coe, R. (2002). It’s the effect size stupid: What effect size is and why it is important. Retrieved
January 29, 2010, from http://www.ttrb.ac.uk/ViewArticle2.aspx?Contentld=13560
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